AP® Physics C: Mechanics
Multiple-Choice Answer Key
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AP® Physics C: Mechanics
. Free-Response Scoring Guidelines

Question 1

15 points total

(@)

(&

5 points

For using a correct kinematic equation to determine the time of flight =
v, = vy - gt
For correctly using the vertical component of the initial velocity
Uy = Yy sin30°
0 = vy5in 30° — gt
For a correct expression for the time
L sin30°
g
(12.0 m/s) sin30°
9.8 m/ §2

For a correct kinematic equation including correct use of the horizontal component of the
initial velocity

D=zt

v, = vy cos30° = 10.4 mfs

D = (10.4 m/s)(0.61s)

For the correct answer

D=64m f{or 62musing g =10 m/sz)

=061s

3 points

For applying conservation of momentum
For correctly using the sum of the clay and block masses after the collision
mu, = {(m+M)v,
v, = 1"
fF m+ M
.20 kg
vy =
0.20kg +23k
For the correct answer
v, = 0.83 m/s

Uy

10.4 m/s
_ (10.4 )
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AP® Physics C: Mechanics
Free-Response Scoring Guidelines

Question 1 (continued)

3 points

For applying conservation of energy
1
E(m + M)v; ={(m +‘M)gAh .
Solving for Ak
v} (0.83 m/s)’
Ah = o= = ——
2z 2(9.8 m/s’)

For applying the correct trigonometry relating Ai and the length of the string £
Ah = £—fcos 8

8 = cos™ (———f ’EAh) = cos ! (—-————3'0 ; 3'035) = 8.8°

=0.035m

For the correct answer
6 =88 (or87°usingg =10 m/sz)

2 points

For correctly calculating the period

T = ZE\/E
g

T =2 20T 35
9.8m/s

For an indication that the requested time is one-half the period
1

t = ET =17s
2 points

For correctly indicating that the new angle is greater
For a correct justification

For example: Substituting the expression for v, from part (b) into the first expression for

. 1 m Vo
Ah from part (c): Ak = 22 (m +M) vy

Increasing the mass m increases the height achieved by the pendulum; hence, the

resulting angle is greater than that achieved with the original mass.
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Question 2
15 points fotal

(a)
(i) 1 point

For a correct determination of the ax}él;ége force
0.84 + 0.85+0.84 + 0.83 + 0.85)N
Favg = ( 5 ) = (0.84 N

(ii) 1 point
W=F,x

W = (0.84 N)(0.40 m)

For the correct answer
W =0347

(b)
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(i) 2 points
For correcily plotting four of the five given points
(i) 1 point

For correctly drawing a straight line that has at least two data points above the line and two
points below the line
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Question 2 (continued)

4 points

~For applying the correct kinematic equation to determine the acceleration

v2=v§+2ax

For correctly equating the slope of the graph to twice the acceleration
Slope = 2a
For correct determination of the slope using points clearly on the best-fit line

(Using data points not on the line does not receive credit.)
For example, using pomts on the graph shown:

(093 - 0.49)m?/s?

= = 2.20 m/s’
Slope (03— 0.1)m /s
For a numerical answer in the range 0.83 to 1.3 m/ 52
a=1.10 m/ 52
3 points

For correct identification of a valid alternative method
For example, conservation of energy:

W = %m(vjzp — '012)

W = %(0.65 kg)((1.08 m/s)* - (0.55 m/S)z)

For the correct answer
W =0328]
2 points

For a reasonable answer based on the two values of work obtained
For a correct and substantive explanation

For example: The work calculated in (d) is less than the work calculated in (a). Part (2)
includes only the positive work performed on the cart by the string. There could be
energy dissipated due to friction, which is included when you calculate the actual

change in kinetic energy in part (d}.

1 point

For correct units in all final numerical answers
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Question 3
15 points total BDistribution
. of points
{(a) 4 points

For correctly applying Newton’s second law 1 point
Mg =Mg~-T
For correctly applying a torque equation relating 7T and ¢ 1 point
T=1TR=lIg
For correctly incorporating the relationship between o and a 1 point
a
TR =Ia =T~
“=R
a
s
Substituting into the equation for Newton’s second law

Ia
Ma = Mg -—
14 22

7
Mg = a(M + —)
g R
Substituting the given expression for [

- RN
Mg —a(M+ 2 (ZMR ))

_ My_3
Mg—a(M+ 2)-2Ma

For the correct answer 1 point

a=2
38

(b) 3 points

For applying conservation of energy 1 point
For correctly including all three terms (gravitational potential, linear kinetic, rotational I point
kinetic)

R I
Mgh = 2M’v + 216:)
Substituting v = ree and the given expression for /

1,22, 1 (1 2) 2

== =|=MR
Mgh 5 MR 0" + 7\ ]
Mgh = %Mszz

For the correct answer 1 point

Laibiily -&): H ;4g2!:_uuz.n_.-.
V3R
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Question 3 (continued)

Distribution
of points
Alternate solution Alternate points
For correctly substituting the acceleration from part (a) into the kinematic equation 1 point
v =)+ 2a(y - yy)
v = 2(% g)h = %%h
For substituting v into the expression @ = v/R 1 point
v 1/4gh?3
==t
For the correct answer I point

o= [
3R

Note: Another alternate solution, oblained by combining the time determined by kinematics
with the expression relating angular impulse and change in angular momentum, would
also be acceptable if correctly implemented.

(c) 4 points

For applying the torque equation 1 point
For a comrect expression for the torque due to friction 1 point
T =lo =—uMgR

%MRZ(X ~ —uMgR

_2ug
R

For applying the appropriate rotational kinematic equation 1 point
o =a+ot '

For using the result of part (b) as the initial angular velocity 1 point
\J 3R> K
(d) 2 points

For correct use of Newton’s second law and a kinematic equation 1 point
Ma = uMg

a=fg

v = at

For the cotrect angwer 1 point
SV = gL
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Question 3 (continued)

Distributien
of points
2 points
For correctly stating the condition for cessation of slipping 1 point
v = Ro
For correctly substituting results from parts (¢} and (d) 1 point

[4gh _ 2pg

= e

ugt R[ k2R }

pgt = 21}% — 2ugt

fo 2 [h [ 4n
3u\3g 2Tu’g
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